In Egypt, as well as many other countries, corn is considered an important field crop. Due to the importance of corn, scientists in all countries gave corn breeding great concern. Many authors obtained high values for heterosis from the F1 maize hybrids. It is found that the amounts of heterosis from the MP % for the diallel cross mating design were: 179.30, 17.78, 51.97 and 52.77% for Ear weight, No. of rows/ear, No. of kernels/row and 100 kernels weight at Mansoura location, respectively. The values of heterosis were: 107.13, 9.06, 31.07 and 65.30% for the same traits at the second location (Sohag), respectively. However, the estimated amounts of heterosis with respect to t BP % were: 152.48, 3.79, 26.36 and 38.7% for Ear weight, No. of rows/ear, No. of kernels/row and 100 kernels weight at Mansoura, respectively. They were: 68.70, -1.32, 23.05 and 51.12% for the same traits at Sohag, respectively. But for the line x tester mating design, it is appeared that the amounts of heterosis from the MP % were: 51.14, 3.20, 11.7 and 44.60% for ear weight, No. of rows/ear, No. of kernels/row and 100 kernels weight at Mansoura, respectively. The values of heterosis were: 121.1, 19.0, 42.6 and 50.17% for the same traits at Sohag, respectively. ًWhile the estimated amounts of heterosis with respect to the BP % were: 26.33, -16.13, 1.92 and 24.32% for ear weight, No. of rows/ear, No. of kernels/row and 100 kernels weight at Mansoura, respectively. They were: 89.7, -4.2, 5.5 and 21.82% for the same traits at Sohag, respectively.
INTRODUCTION
Corn, (Zea maize, L.) , is one of the most important source of carbohydrates and oil for feeding for both human and animals. All countries which have a suitable atmosphere for corn plantation cultivate corn. In Egypt, as well as all other countries, corn is considered an important field crop where it is cultivated for an area about 1,60 million feddans to meet the demands of feeding human and animals. Due to the importance of corn, scientists in all countries gave corn breeding great concern and established programs to produce maize hybrids with high yielding ability. In this respect, many authors obtained high yielding hybrids showing large amounts of heterosis, among them: Alvi et al., (2003) , Welcker et al., (2005) , Amiruzzaman et al., (2010) and El-Ghonemy and Ibrahim, (2010) who obtained heterosis values due to the high parent for yield trait were of about: 33.04, 32, 17.60 and 33.91%, respectively. Melani and Carena (2005) indicated that the magnitudes of general combining ability were larger than those of specific combining ability indicating the predominance of additive gene effect. On the other hand, Brandon et al., (2007) found that the non-additive genetic variances including dominance were larger than the additive genetic variances for only grain yield. Rather et al., (2007) indicated that the pooled analysis of variance for combining ability revealed the presence of highly significant of mean squares due to GCA and SCA for all studied traits. The ratio of GCA to SCA variances indicated the preponderance of the latter component in controlling the expression of most studied traits.
However, Amiruzzaman et al., (2010) showed that the significant estimates of GCA and SCA genetic variances suggested the importance of both additive and non-additive gene actions for the expression of most studied traits. Preponderance of additive gene action was noticed for ear diameter and 1000-kernel weight where the other traits were controlled by non-additive types of gene action. From the heritability point of view, Rezaie and Roohi (2004) studied 90 F 1 hybrids of maize. They claimed that broad sense heritability estimates ranged from 68 to 91% for number of kernels/row and 100 kernels weight, respectively. Narrow sense heritability estimates ranged from 6.0 to 73% for grain yield per plant and days to tassel emergence, respectively.
The objectives of this study were directed to determine heterosis under the two different environments (Mansoura and Sohag), and their combined data to obtain estimates of GCA and SCA using the two different mating designs. The utilized mating designs included diallel crosses and line x tester mating design. Both GCA and SCA were evaluated in a homogeneity test of variance to test the validity of each of them.
MATERIALS AND METHODS

Genetic materials:
In this investigation, seven inbred lines (Inb. L. 2, Inb. L. 21, Inb. L. 81, Inb. L. 122, Inb. L. 133, Inb. L. 144 and Inb. L. 147 ) and three testers (Giza 2, S.C.10 and T.W.C.310) of maize were used. The seeds of all inbred lines and testers were obtained from National Maize Program, Field Crops Research Institute, Agricultural Research Center (ARC), Egypt.
In the growing season of 2008, two mating designs were made utilizing these genetic materials. The first is a partial diallel crosses including the seven parental lines to produce 21 F 1 hybrids. The second is a line x tester mating design including the three testers crossed by the same seven parental lines to produce 21 F 1 hybrids. Thus, there will be two experiments; the first one included the 21 partial diallel cross hybrids and their seven parental lines. The second included the 21 F 1 hybrids obtained from the line x tester crossing in addition to their 10 parents (seven parental lines and three testers). The seeds of all genotypes were cultivated in two separate experiments at Mansoura and Sohag to be evaluated during the maize growing season of 2009.
Definition of traits:
Data were recorded on different yield component traits. 
Statistical analysis: A-Analysis of variance:-
In this study, several types of analysis of variance were made. The statistical procedures used in this study were done according to the analysis of variance for Randomized Complete Blocks Design (RCBD) outlined by Cochran and Cox (1957) for both experiments.
B-Genetic variance components:-
The analyses of variance utilizing the F 1 hybrids were executed according to the two methods of mating designs: 1-The first method was the partial diallel crosses mating design according to Griffing (1956) , including the combined analysis over the two locations at Mansoura and Sohag and known as Experiment 1. 2-The second method was line x tester mating design which included the application of Comstock and Robinson (1952) mating design known as Experiment II where the mating design use three testers x seven lines to produce 21 crosses. The 21 F 1 hybrids and their 10 parents were evaluated at both locations.
Test of homogeneity of variance:-
In this study, the genetic materials were set up in two mating designs. The first was the partial diallel crosses and the second was the line x tester mating design. Both designs, makes it possible to obtain estimates for the genetic variance components utilizing the mean squares obtained from the analysis of variance tables. It is acceptable that both designs would present reliable estimates, therefore, it would be very useful to test the homogeneity of the variances (the mean squares) obtained from the two mating designs using F-test according to following formula :
F value =
The estimated F value would be compared to the tabulated F value with the degrees of freedom for the numerator and dominator. Thus, F value would be either significant or insignificant. When the F value is significant, it would indicate the importance of the numerator mean squares. Accordingly, the significance of homogeneity test would indicate the importance of the mating design used to estimate different genetic parameters.
RESULTS AND DISCUSSION
The mean performance of the seven parental lines and their F 1 hybrids resulted from the partial diallel crosses at both locations and their combined data for all studied traits are presented in Table 1 . The means for ear weight for the seven parental lines at both locations showed lower values than the means of their F 1 hybrids. This quantitative trait is one of the most important yield component traits and therefore, it determines the yielding ability of a given genotype. In this study, it appeared that parent No. 3 (103.7g) and No. 5 (102.35g) yielded the highest F 1 hybrid 3x5 (273g). Looking into all the means, it appeared that this role is true for all parents and their F 1 hybrids i.e.; the high parents for ear weight produce a high F 1 hybrid for the same trait indicating that the choice of parent is of paramount importance to produce the superior F 1 hybrids. It should be indicated that for this trait all the F 1 hybrids exceeded their parents and all other parents with large values proving that heterosis is a true fact.
For No. of rows/ear, it was very clear that all F 1 hybrids exceeded their parents and all other parents. The parents ranged from 12.25 to 14.3 rows/ear while the hybrids ranged from 14.1 to 16.65 rows per ear which was an indication about the superiority of F 1 hybrids when compared with their parents. Concerning to No. of kernels/row almost showed similar behavior. Concerning to No. of kernels/row in the parents ranged from 22.7 to 30.25 while it is ranged in the F 1 hybrids from 35.2 to 39.4. These results showed that all hybrids had more kernels per row than the parents which intern increase the yielding ability of ears.
The superiority of F 1 hybrids could be also seen when the weight of 100 kernels trait was studied. The results in Table 1 appeared that the parents means for this trait ranged from 22.15g to 23.75g while it ranged in the F 1 hybrids from 31.35g to 40.7g. Thus, the weight of kernels in the F 1 hybrids once again declares the superiority of the F 1 hybrids. It should be also indicated here that the two parents No. 5 (22.15g) and No. 7 (23.75g) produced the highest F 1 hybrid 5x7 (40.7g) which once again declare that the high parent for a trait produce the highest F 1 hybrid for the same trait.
The previous results presented evidence about the superiority of F 1 hybrids for all yield component traits, however it should be indicated that the performances of the parents and their F 1 hybrids greatly varied at both locations. In general, the performances of their F 1 hybrids and the parents were better at Mansoura than at Sohag. Such an observation could be expected due to the atmospheric conditions and type of soil which greatly vary at both locations. Looking into the performances of the F 1 hybrids it appeared that the best F 1 hybrid that could be planted at Mansoura is the hybrid 4x6 and the best hybrid that could be planted at Sohag is the hybrid 3x5. The mean performance of all genotypes resulted from the line x tester mating design for the two different locations and their combined data for all studied traits are shown in Table 2 . Ear weight which is the most important trait of yield components indicated without any doubt that all the F 1 hybrids at both locations and from the combined data exceeded not only the testers but also the inbred lines. The magnitudes of the means indicated that the inbred line No. 3 showed the largest mean (103.7g) and T 3 also showed the largest mean (151.05g). Their hybrid combination T 3 xL 3 showed the largest mean among all F 1 hybrids (261.25g). The magnitudes of the means at Mansoura were always larger than their corresponding means at Sohag for all genotypes. However, it should be indicated that the best hybrid that would be cultivated at Sohag is the hybrid T 3 xL 3 (231.94g) while the best hybrid that would be cultivated at Mansoura is the hybrid T 1 xL 6 (337.2g).
In general, the combined means showed that ear weight in the hybrids ranged from 181.1 to 261.25g while among parents including testers ranged from 98 to 151.05g. Therefore, these results clearly indicated that the superiority of the F 1 hybrids.
For No. of rows/ear, it was very clear that all F 1 hybrids exceeded their parents and all other parents. The parents ranged from 10.35 to 14.3 rows/ear while the hybrids ranged from 12.35 to 15.85 rows per ear which was an indication about the superiority of F 1 hybrids when compared with their parents.
No. of kernels/row almost showed similar behavior. In the parents it ranged from 22.7 to 32.3 kernels, while it is ranged in the F 1 hybrids from 30.6 to 38.15 kernels. These results showed that all the hybrids had more kernels per row than their parents which intern increase the yielding ability of ears.
The superiority of F 1 hybrids could be also seen when the weight of 100 kernels trait was studied. Form Table 2 , it appeared that the 100 kernels weight for parents ranged from 19.4g to 30.15g while it ranged in the F 1 hybrids form 28.65g to 43.5g. Thus, the weight of kernels in the F 1 hybrids once again declared the superiority of the F 1 hybrids. It should be also indicated here that the two parents No. L 7 (23.75g) and T 3 (30.15g) produced the F 1 hybrid T 3 xL 7 (43.5g) which once again declared that the high parents for this trait produce the highest F 1 hybrid.
1-The nature of variation: a-The nature of variation from the partial diallel crosses:
During 2009 growing season, the seven inbred lines and their 21 F 1 hybrids resulted from the partial diallel crosses were evaluated at Mansoura and Sohag for several traits. The obtained data were set up in an analysis of variance for each location and for the combined analysis over both locations and the results were obtained for yield component traits are presented in Table 3 . Yield component traits showed significant interactions with all sources of variations indicating the important effects of locations on yield component traits. These results would be expected since all quantitative traits are highly affected by environments and show variable performances from one environment to another. The significant interactions with locations would reveal the importance of the choice of the suitable hybrid for each location. Plant breeders must consider the significant effects of both GCA and SCA when they planning their programs to produce superior maize hybrids.
b-The nature of variation from the line x tester crosses:
In the same growing season of 2009, the results of line x tester mating design were evaluated over both locations and the analyses of variance for yield component traits are presented in Table 4 . The analyses of variance for yield component traits showed that all the sources of variation were significant and highly significant with few exceptions such as testers and the interactions between crosses, lines, testers and lines x tasters by location for No. of rows per ear. Once more, the results indicated that quantitative traits such as yield component traits were highly affected by environment and would show variable performance from location to location. In this connection, the choice of the suitable hybrid for any given location is an important task of plant breeders.
2-The magnitudes of heterosis.
The estimated amounts of heterosis form each and both locations along from the mid and better parents were obtained and the results are presented in Table 5 .
With respect to yield component traits in Table 3 While the amounts of heterosis from the combined data for these traits were: 143.22, 13.42, 41.52 and 59 .04%, respectively.
The estimated amounts of heterosis with respect to the BP were: 152. 48, 3.79, 26.36 and 38.7% for Ear weight, No. of rows/ear, No. of kernels/row and 100 kernels weight at Mansoura, respectively. They were: 68.70, -1.32, 23.05 and 51.12% for the same traits at Sohag, respectively. While the values of heterosis from the combined data for the same traits were: 110. 59, 1.24, 24.71 and 44.90%, respectively. In general, it is an evident fact that heterosis exists with large amounts when related to the MP or the BP. It is very important to indicate that the lower ranges of the F 1 hybrids were larger than the upper ranges of the parental lines. This result in its self is an indication without any doubt that hybrids in corn are of great economical importance and should be used in corn plantation. In this respect, many authors among them Abd El-Aal (2002), Venugopal et al.,(2002) , Mosa (2003) , Alvi et al.,(2003) , Pooja et al.,(2011) and El-Badawy (2013) obtained similar results. As appeared in Table 6 , the amounts of heterosis from the MP were: 51.14, 3.20, 11.7 and 44.60% for ear weight, No. of rows/ear, No. of kernels/row and 100 kernels weight at Mansoura, respectively. The values of heterosis were: 121.1, 19.0, 42.6 and 50.17% for the same traits at Sohag, respectively. While the amounts of heterosis from the combined data for these traits were: 86.12, 11.1, 27.15 and 47.39%, respectively.
The estimated amounts of heterosis with respect to the BP % were: 26.33, -16.13, 1.92 and 24.32% for ear weight, No. of rows/ear, No. of kernels/row and 100 kernels weight at Mansoura, respectively. They were: 89.7, -4.2, 5.5 and 21.82% for the same traits at Sohag, respectively. While the values of heterosis from the combined data for the same traits were: 58.02, -10.17, 3.71 and 23.07%, respectively.
In general, yield component traits also presented evidence that heterosis exists with large amounts when related to the MP % or the BP %. Once more, it is very important to indicate that the lower ranges of the F 1 hybrids were larger than the upper ranges of the parental lines. This result suggests that hybrids in corn are of great economical importance and should be used in corn production. It should be indicated that many research workers such as Abd El-Aal (2002), Venugopal et al.,(2002) , Mosa (2003) , Alvi et al., (2003) and Kustanto et al.,(2012) obtained similar results which agreed with the results obtained from this investigation. 3-The magnitudes of the mean squares of GCA and SCA A-GCA and SCA from the diallel mating design.
The statistical analyses of variance of the F 1 hybrids resulted from the partial diallel crosses for yield component traits were obtained and the results are presented in Table 7 . In these analyses of variance, the sum squares were partitioned into GCA and SCA. The mean squares of these components are an estimate of additive and dominance genetic variances, respectively. The GCA mean squares also contain additive by additive genetic variance which in many cases explains the superiority of F 1 hybrids. The mean squares of GCA for yield and yield component traits were larger in magnitudes and significant for all studied traits at Sohag except No. of kernels/row. The mean squares for GCA at Mansoura were highly significant for No. of kernels/row and 100 kernels weight. In general, the magnitudes of the mean squares at Sohag were larger than their corresponding estimates at Mansoura for ear weight and No. of rows/ear while it was the vice versa for No. of kernels/row and 100 kernels weight. The mean squares of the GCA of all yield component traits were larger in their magnitudes than their corresponding estimates of SCA at Mansoura. At Sohag, the three traits ear weight, No. of rows/ear and 100 kernels weight showed the same behavior, while it was the opposite for No. of kernels/row where SCA mean squares were larger than those of GCA. Generally, all traits for yield component traits with the exception of No. of kernels/row indicated the importance of GCA and appeared to be of larger magnitudes than SCA. Thus, it would be expected that additive and additive by additive genetic variances were more important than dominance genetic variance which is contained within SCA. In this respect, many authors obtained similar results among them Desai and Singh (2001) , El-Shenawy et al.,(2003) , Melani and Carena (2005) , Katta et al.,(2007) Rather et al. (2007) , Moterle et al.,(2011 ), Borghi et al.,(2012 ), Ezatollah et al.,(2012 , Gakunga et al.,(2012) and Haddadi et al.,(2012) . 
B-GCA and SCA from the line x tester mating design.
The estimates of GCA and SCA from line x tester mating design were obtained and the results are presented in Table 8 . The obtained results indicated that the mean squares of GCA were highly significant. Therefore, both additive and additive by additive genetic variance appeared to be the most important and reliable component of genetic variances. These results were supported by the absence of SCA where, the mean squares of lines x testers were insignificant. This also would indicate the absence of dominance genetic variance. Therefore, the high performances of the hybrids in this mating design would be due to additive by additive genetic variance rather than dominance variance. These results would be considered favorable to plant breeders because they can initiate selecting programs based on the large magnitudes of additive by additive genetic variance to make use of transgressive segregation. 
6-Test of homogeneity of variances for the genetic parameters from both designs.
An important objective of this investigation was the identification of the relative importance of the variances obtained for the same genetic parameter from both mating designs. In this respect, the homogeneity tests of the variances for yield component traits were obtained for genetic parameters in terms of GCA and SCA at both locations and from the combined analysis for diallel and line x testers mating designs and the results are presented in Table 9 .
The results of homogeneity test using the F test utilizing the larger mean squares for either mating design with its degrees of freedom in the numerator, while the smaller mean square with its degrees of freedom in the dominator. The significance would be determined by comparing the calculated F test with its corresponding tabulated F value at 1% and 5% levels of significance. Therefore, the estimates of GCA and consequently the additive genetic variance would be more valid if obtained from the mean squares of lines x tasters mating design while, the dominance genetic variances would be obtained with more validity from the diallel crosses mating design for most studied traits. In this respect, it should be indicated that the lines used in the diallel crosses were the same lines used in lines x testers mating design which would remove any doubt about these results. The homogeneity test of variances was one of the important objectives of this investigation and it was intended to throw a light about the prober and suitable mating design to estimate the genetic variance components.
Tests of homogeneity were also obtained from the combined analyses to determine the validity of the genetic parameters and to indicate which mating design was the most appropriable. The magnitudes of F values followed the same pattern obtained earlier at each location. Homogeneity test for GCA was more accurate when line x tester analysis was used, while SCA appeared to be more accurate when estimated from the diallel crosses. In general, the results of the combined analyses over both locations insured the previous results obtained from each location.
